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ABSTRACT:

On March 3, 1988, at 1343 PST, with the unit in Node I (Power Operation), a
reactor trip and subsequent turbine trip occurred during performance of
Surveillance Test . Procedure (STP) I-72B, "Calibration of the Seismic Trip
Channels." During performance of this STP, a simulated seismic test signal was
input to the X axis of seismic sensor package number 1. This simulated test
signal together with a previously undetected open coil failure of seismic trip
relay K4 (sensor package number 2), in the Train B trip logic development
circuit, satisfied the two-out-of-three (in one axis) logic requirements

resulting in a reactor trip.

All systems functioned as designed and the unit was stabilized in Mode 3, at
approximately 1424 PST. Diesel generators 2-2 and 1-3 started during the
event but, by design, did not load.

The 4-hour nonemergency report required by 10 CFR 50.72 was made at 1411 PST,



March 3, 1988.

The root cause for this event was attributed to the failure of the K4 seismic
trip relay coil due to deterioration of the coil insulation, and the lack of
seismic trip system annunciation to identify the individual protection channel
component failures.

END OF ABSTRACT
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1. Initial Conditions

The unit was in Mode 1 (Power Operation) at 100 percent power.
II. Description of Event
A. Event:

On March 3, 1988, at 1343 PST, with the unit in Mode 1 (Power
Operation), a reactor trip (AB) (RCT) and subsequent turbine trip
(TA) (TRB) occurred during performance of Surveillance Test Procedure
(STP) I-72B, "Calibration of the Seismic Trip Channels." During
performance of this STP, a simulated seismic test signal was input
to the X axis of seismic sensor package (IN) number 1. This
simulated test signal together with a previously undetected open coil
failure of seismic trip relay K4 (RLY) (sensor package number 2), in
the Train B trip logic development circuit, satisfied the
two-out-of-three (in one axis) logic requirements resulting in a
reactor trip.

Monitoring of the logic development relays for failures is
accomplished through the monitoring of a single relay in each of the
three seismic sensor packages (relay K1 in sensor package 1, relay K6
in sensor package 2, and relay K7 in sensor package 3). A failure of
any of these three relays is alarmed in the control room. The

failure of the K4 relay was not detected prior to testing the X axis
since it was not one of the three relays being monitored.

All systems functioned as designed and the unit was stabilized in
Node 3, at approximately 1424 PST. Diesel generators (EK) (DG) 2-2
and 1-3 started during the event but, by design, did not load.

Prior testing had been satisfactorily performed on the Z axis.

The 4-hour nonemergency report required by 10 CFR 50.72 was made at
1411 PST, March 3, 1988.



B. Inoperable structures, components, or systems that contributed to
the event:

Seismic trip relay K4

C. Dates and approximate times for major occurrences:

1. March 3, 1988, 1343 PST: Event date.

2. March 3, 1988, 1411 PST: The 4-hour nonemergency
report required by 10 CFR

50.72 was made.
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3. March 1988, 1424 PST: The unit was stabilized in Mode 3.
D. Other systems or secondary functions affected:

None

E. Method of discovery: The event was immediately apparent due to alarms
and indications in the control room.

F. Operator actions:

The operators followed the appropriate procedures and placed the unit
in a stable condition in Mode 3 (Hot Standby).

G. Safety system responses:
1. The reactor trip breakers (JC) (BKR) opened.

2. The control rod drive mechanisms (AA) (DRIV) allowed the control
rods to drop into the reactor.

3. The turbine tripped.

4. Diesel generators 2-2 and 1-3 started but, by design, did not
load.

5. The main feedwater system isolated and auxiliary feedwater
automatically started to maintain steam generator water level.

III. Cause of Event



A. Immediate cause:

Reactor trip breakers opened as a result of a signal from the seismic
trip logic.

B. Root cause:

A laboratory analysis of the failed relay was conducted. The failure
analysis focused on three areas: (1) misalignment between contacts;
(2) ability to sustain a continous overvoltage; and (3) location and
cause of coil failure. Based on this analysis and an evaluation of

the system, the root cause for this event was attributed to the

failure of the K4 seismic trip relay coil due to deterioration of the
coil insulation, and the lack of adequate seismic trip system
annunciation to identify the individual protection channel component
failures. Contact misalignment did not contribute to this particular
event.
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Deterioration of the coil insulation was caused by overheating due to
the use of'a 135.7 Vdc power supply voltage rather than the 110 Vdc
power supply voltage that the coil was nominally rated for. The
manufacturer states that the maximum acceptable voltage for sustained
operation is 137 Vdc at 25*C. The seismic trip system was a vendor
supplied package for Diablo Canyon. The seismic trip system relay
coil selection was based on a standard 125 Vdc power supply to the
system, and the system operated on the upper voltage band (135.7 Vdc)
most of the time due to an added battery float of 10.7 Vdc. Since

the maximum relay ratings were not exceeded, the design was
determined to be acceptable. However, the applied supply voltage of
135.7 Vdc produces a 52% increase in coil heat over the heat
generated at the 110 Vdc rated value, thus derating the expected

relay coil life. The use of 110 V dc nominal relays in the seismic

trip system will be eliminated through implementation of Corrective
Action C as noted below in Section V.

IV. Analysis of Event
A reactor trip from 100 percent power is a previously analyzed Condition
IT event. Since all systems functioned as designed there were no

unanalyzed safety consequences or implications from this event.

V. Corrective Actions



A. Failed relay K4 has been replaced and tested in accordance with STP
[-72B. STP 1-72B has been revised to require visual inspection of

the logic relays prior to testing. This revision was made to ensure

none of the relays are in the de-energized state prior to testing.

B. Status indicating lights for the seismic trip logic relays were added
to Unit 2 during the past refueling outage. These status lights were
added to provide position indication of the actual trip contacts of

the logic relays during surveillance testing. However, these status
lights do not provide indication of possible conductivity through the
actual trip contacts. An exemption from performing the seismic trip
actuating device operational test during Unit 1 Cycle 3 operations
was granted by the NRC on December 29, 1988.

C. PG&E will upgrade the seismic trip system to feed signals from the
seismic system trip sensors directly into the Solid State Protection
System. This design change will eliminate the coincident logic relay
portion of the current system, which has been the source of most of
the past problems with the seismic trip system. The upgraded system
design will be more reliable, maintainable, and testable than the
existing system. PG&E has presently scheduled installation of the
upgraded system during the third refueling outages of each unit
(October 1989 for Unit 1 and February 1990 for Unit 2).
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VI. Additional Information

A. Failed components:

Seismic trip relay K4

Manufacturer: Midtex

Model No. 156-14F2B6

B. Previous LERs on similar events:

LER 1-86-010-01: A reactor trip and subsequent turbine trip
occurred when a reactor trip breaker opened while

the shunt trip mechanism was being prepared for

testing.

The corrective actions for the above LER would not have prevented the
event reported in this LER since it did not involve the failure of a

seismic trip relay.
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Pacific Gas and Electric Company 77 Beale Street
San Francisco, CA 94106

415/972-7000

TWX 910-372-6587

James D. Shiffer
Vice President
Nuclear Power Generation

May 15, 1989
PG&E Letter No. DCL-89-136

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Re: Docket No. 50-323, OL-DPR-82

Diablo Canyon Unit 2

Licensee Event Report 2-88-002-01

Reactor Trip Due to an Undetected Failed Relay During Seismic
Trip Channel Calibration

Gentlemen:

PG&E is submitting the enclosed Licensee Event Report revision concerning the
reactor trip on March 3, 1988, due to an undetected failed relay during a

seismic trip channel calibration. This revision provides the root cause of

the reactor trip and the corrective actions to prevent recurrence.

This event has in no way affected the public's health and safety.

Kindly acknowledge receipt of this material on the enclosed copy of this
letter and return it in the enclosed addressed envelope.

Sincerely,
J.D. Shiffer

cc: J.B. Martin
P.P. Narbut

H. Rood

M.M. Mendonca
B.H. Vogler
CPUC
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